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Spokane River 
Watershed

Overview of the Spokane River

• Originates From Lake Coeur d’Alene

• Augmented with inflows from:
• Hangman Creek Tributary
• Little Spokane River Tributary

• Flows into Lake Spokane Lake 
Coeur d’Alene



Spokane Valley Rathdrum Prairie Aquifer

Lake 
Coeur d’Alene

Lake 
Pend Oreille

Hayden 
Lake 

Little Spokane River

Spokane River



DAMS ALONG THE SPOKANE RIVER

Upriver Dam
(1894, Reconstructed in 1933)

Upper Falls Dam 
(1889)

Lower Falls (Monroe Street) Dam 
(1890)

Ninemile Dam
(1908)

Long Lake Dam 
(1915)
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Post Falls Dam 
(1890)

Little Falls Dam 
(1907-1910)



Spokane River 
Watershed

Historic Water Quality Issues

In 1889, Spokane built a sewage system that dumped 
raw sewage directly into the river, which was visibly 
noticeable by 1920. 

The Spokane River contained some of the highest 
concentrations of heavy metals of any river in the state 
resulting from pollution upstream mining and smelting 
sites. 

In 1935, the state health board declared the Spokane 
River to be “grossly polluted”.

Lake 
Coeur d’Alene

Lake Spokane (aka Long Lake) Created in 1915 by 
the Construction of Long Lake Dam
• Increases Residence Time of Water
• Reductions in Dissolved Oxygen in Water
• Accumulation of Nutrients in Water
• Increase Algae Blooms
• Blocks Salmon Migration in River



1989 - Liberty Lake Sewer and Water District (LLSWD) led the way regionally and nationally with banning
phosphorus in laundry detergents. 

1993 - Nationwide ban of phosphorus in laundry detergents.

1994 - Washington statewide phosphorous detergent ban passed

2005 - LLSWD became the first utility to ban phosphorus dishwasher detergents. 

2005 - LLSWD bans the use of lawn fertilizer containing phosphorus within their boundaries. 

2008 – Spokane, Whatcom and Clark Counties adopt a phosphorus dishwater detergent ban

2009 - Proctor and Gamble announced a plan to eliminate all phosphates from its dishwasher detergent “Cascade”

2010 - Washington State extended statewide ban on automatic dishwasher detergents containing phosphorus.

2010 - The Lands Council proposed a phosphorus fertilizer ban

2011 - Washington State passed Engrossed Substitute House Bill (ESHB) 1489, which prohibits the application of fertilizers 
containing phosphorus to “land, including residential property, commercial property, and publicly owned land, which is
planted in closely mowed, managed grass.” (ESHB 1489, 2015). 

2013 - Washington State Fertilizer Ban became effective.

2014 - Proctor and Gamble announced a plan to eliminate all phosphates from its laundry detergent worldwide (25% of global market)

Municipal

Commercial/I
ndustrial

Agricultural
Water Quality Improvements Over Time…..



Since 1983, Spokane County has prioritized hooking up septic systems located over the aquifer to the sewer 
system. Between 1984 and 2001, the County connected 20,100 homes and businesses to the sewer (Moss 
2015). In 2001, under an updated Comprehensive Wastewater Management Plan (CWMP), the County created 
the Septic Tank Elimination Program (STEP) with the goal to hook up all developed parcels in the STEP areas to 
the sewer by 2012.

The City of Spokane has also participated in the STEP program, eliminating several thousand septic tanks. 
The City’s objective was to intercept and connect all remaining on-site wastewater systems in the City’s 
sanitary sewer service area and over the aquifer sensitive area. It was estimate that approximately 800,000 
gallons of effluent a day would be intercepted and prevented from draining over the aquifer.

Municipal

Commercial/I
ndustrial

Agricultural



Spokane Conservation District’s Water Resources Department and landowners have completed numerous projects within Spokane 
County that will help reduce the amount of phosphorus entering Lake Spokane

Since 1983, Spokane County has prioritized hooking up septic systems located over the aquifer to the sewer 
system. Between 1984 and 2001, the County connected 20,100 homes and businesses to the sewer (Moss 
2015). In 2001, under an updated Comprehensive Wastewater Management Plan (CWMP), the County created 
the Septic Tank Elimination Program (STEP) with the goal to hook up all developed parcels in the STEP areas to 
the sewer by 2012.

The City of Spokane has also participated in the STEP program, eliminating several thousand septic tanks. 
The City’s objective was to intercept and connect all remaining on-site wastewater systems in the City’s 
sanitary sewer service area and over the aquifer sensitive area. It was estimate that approximately 800,000 
gallons of effluent a day would be intercepted and prevented from draining over the aquifer.

Municipal

Commercial/I
ndustrial

Agricultural

• 81 projects planted riparian areas (stream banks) with native trees and shrubs which helps reduce stream bank erosion.  
Approximately 19 miles of stream were planted.

• 50 projects applied BMPs to agricultural land.  The majority of the BMPs were to convert from conventional tillage to direct 
seed.  About 13.6 square miles are no longer conventionally tilled, saving an estimated 52,000 tons of soil.

• 29 projects installed fencing to keep livestock away from over a mile of surface water.  Fencing livestock away from streams 
keeps manure, urine, and sediment out of the water.

• 15 projects reduced stormwater by directing runoff to areas where it can soak into the ground.
• 9 projects were installed to stabilize eroding shorelines.



June-October volume weighted mean inflow TP concentration related to minimum volume weighted hypolimnetic DO 
concentrations before and after advanced wastewater treatment (Avista, 2017)  

Inflow Concentrations of Total Phosphorous To Lake Spokane vs. Dissolved Oxygen Content 1972 - 2016 

High Phosphorous Inflow / Very Low DO

Decreased Phosphorous Inflow / DO Increasing

Continued Phosphorous Reductions / 
DO Continuing to Increase



COMPARISON OF LAKE SPOKANE DISSOLVED OXYGEN CONDITIONS

1972 - 1985 2010 - 2018



Environmental 
Assessment 
Program 
Ambient Water 
Quality Stream 
Monitoring

PARAMETERS MONITORED MONTHLY:
Conductivity, Dissolved Organic Carbon, Fecal Coliform, pH, Temp, Turbidity, SS, DO
Ammonia-Nitrogen (NH3_N), Nitrate-Nitrite (NO2_NO3), Total Persulfate Nitrogen (TPN)
Ortho-Phosphate (Dissolved), Total Phosphorous

Monitoring the 
Spokane River 
Watershed 
Since 1959



What Does Monitoring Involve?
• Monthly ambient water quality 

monitoring
• Conducting water quality studies
• Effectiveness monitoring studies

• Collect Representative Data
• Credible & Defensible Analysis
• Statistically Significant Data Trends



CURRENT PERMITTED SPOKANE RIVER DISCHARGE SITES

Liberty 
Lake WRF

Kaiser 
Trentwood

Inland 
Empire 
PaperCounty of 

Spokane 
WRF

City of 
Spokane
WRF

Spokane 
Hatchery
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Idaho Dischargers:
City of Coeur d’Alene

City of Post Falls
Hayden Area Regional Sewer Board



Photo

And then there’s this…

Tributary Non-Point Sources



Spokane River 
Watershed

WATERSHED STUDIES TO DATE:
• 1987 The Spokane River Basin: Allowable Phosphorous Loading Study

• 2004 Spokane River and Lake Spokane (Long Lake) Pollutant Loading 
Assessment for Protecting Dissolved Oxygen

• 2009 Hangman Creek Coliform Bacteria, Temperature and Turbidity 
Total Maximum Daily Load Study

• 2010 Spokane River and Lake Spokane Dissolved Oxygen
Total Maximum Daily Load

• 2011 Hangman Creek Watershed Dissolved Oxygen, pH, and 
Nutrients Total Maximum Daily Load Study

• 2012 Little Spokane River Watershed Fecal Coliform Bacteria,
Temperature, and Turbidity Total Maximum Daily Load 

• 2020 Tekoa Wastewater Treatment Plant Dissolved Oxygen,
pH, and Nutrients Receiving Water Study

• 2020 Hangman (Latah) Creek Hydrogeologic Assessment, Focusing
on the Latah Creek Wastewater Treatment Plant

• 2020 Little Spokane River Dissolved Oxygen, pH, and Total 
Phosphorus Total Maximum Daily Load Study

• 2022 Hangman Creek Watershed Nutrients and Sediment 
Pollutant Source Assessment

Lake 
Coeur d’Alene



Spokane River / Lake Spokane
Dissolved Oxygen Total Daily Maximum Load (DO TMDL)

Implemented in 2010

TMDL established wasteload limits for the three pollutants affecting dissolved oxygen:
• ammonia (NH3-N), 
• total phosphorus (TP)
• carbonaceous biochemical oxygen demand (CBOD)

TMDL also identified a dissolved oxygen responsibility for hydroelectric dam operations in Lake Spokane



The TMDL assigned load allocations to nonpoint sources of pollution. The three 
tributaries (Hangman Creek, Coulee Creek, and the Little Spokane River) and the area 
surrounding Lake Spokane are the primary sources of nonpoint pollution to the river and 
lake. 

For the Washington State point sources (municipal wastewater treatment plants and 
industrial dischargers), the seasonal (March through October) wasteload allocations are 
based on meeting a maximum monthly average total phosphorus concentration of 50 
μg/L (micrograms per liter or parts per billion) within ten years. 

The TMDL assigned load allocations to nonpoint sources of pollution. The three tributaries (Hangman Creek, Coulee Creek, and 
the Little Spokane River) and the area surrounding Lake Spokane are the primary sources of nonpoint pollution to the river and 
lake. For nonpoint sources, the allocations were calculated using a critical, low-flow condition. As with the point sources, the
nonpoint allocations apply from March through October. In Hangman and Coulee creeks, the allocations vary by season:

• 20 %: March – May
• 40 %: June
• 50 %: July – October

In the Little Spokane River, the allocation represents a 36 percent decrease in nutrients during the entire March through October 
critical season.

Five point source dischargers in Washington on the Spokane River include”
• Liberty Lake Sewer and Water District 
• Kaiser Aluminum 
• Inland Empire Paper Company
• City of Spokane
• County of Spokane. 



In the TMDL, Avista received a “responsibility” because they are not responsible for discharging nutrients, 
but their Long Lake Dam created the lake and conditions that contribute to the reservoir’s impairment. 
Avista’s task is to increase dissolved oxygen in the deeper parts of Lake Spokane from July 1 through 
October. The level of dissolved oxygen improvement required depends on the location and depth of the lake, 
as well as time of the year, but the required increase ranges from 0.1 to 1.0 mg/L. 



TMDL 10-year Effectiveness Monitoring Assessment Strategy

•Collect Data
•Analysis
•Report

EAP

•Evaluate Findings
•Prioritize 

Recommendations
•Evaluate Need for 

Additional Modeling

ECY + DO 
Advisory 
Group

•Adaptive Management 
Options

•Implement Strategies for 
2030

ECY

TMDL laid out a schedule containing milestones to indicate progress toward achieving the allocations… 
Ten years after approval of the TMDL (2020):

• NPDES permittees in Washington will operate newly-installed technology to meet their allocations. If necessary, they may start, 
continue, or complete target pursuit actions.

• Avista will assess performance of the activities identified in their water quality attainment plan to improve dissolved oxygen.
• The riverine assessment point downstream of Nine Mile Dam, that also considers input from the Little Spokane River, will achieve a 

total phosphorus concentration of 10 μg/L.



1-Year 
Ambient 
Stream 

Sampling 
Completed

Supplemental 
Stream 

Monitoring 
Completed

Lake Sampling & 
Vertical Profiling 

Completed

10-YEAR  ASSESSMENT  PROGRESS…
September 2021 – February 2023 

The Purpose: To Assess Measurable Progress Towards Achieving TMDL Goals



Hydrology 
Overview

Historic 
Precipitation
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Annual  Precipitation Totals and Cumulative Departure From Mean Water Years 2000-2022
(Source: PRISM Annual Data Sets 2000-2022)

WY 20-22

CDFM

Mean 2000-2022

10 Yr Assessment 
Field Study

PRISM Climate Group, Oregon State University, https://prism.oregonstate.edu

16.75”

12.96”

18.89”

Downward Slope 
Indicates Dry Period

Rising Slope 
Indicates Wet Period

Water Year starts October 1st and ends September 31st
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Cumulative Precipitation Totals Comparison Chart
(Source: PRISM Annual Data Sets 2000-2022)

Driest Year WY 2001 9.34 in

Wetest Year WY 2017 26.41 in

WY 2021 12.9 in

WY 2022 18.89 in

Average WY2000-2022

PRISM Climate Group, Oregon State University, https://prism.oregonstate.edu

WY 21 12.96”

WY 22 18.89”

Average 2000-2022

WY 2017

WY 2001

Hydrology 
Overview

Water Year 
Precipitation 
Comparison

Water Year starts October 1st and ends September 31st



10 Yr Assessment Field Study
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Monthly Precipitation Totals WY 2021-2022

June 2022

March 
2022

PRISM Climate Group, Oregon State University, https://prism.oregonstate.edu

Hydrology 
Overview

Monthly 
Precipitation 
Review

Water Year starts October 1st and ends September 31st



Median

Approved Data

Provisional Data

10 Yr Assessment Field Study

Spokane River at Spokane, WA

March 3, 2022

June 16, 2022Hydrology 
Overview

Spokane River 
Stream Flow



10-YEAR ASSESSMENT STREAM MONITORING LOCATIONS

Stateline

Hangman

LSR
Ninemile Br.

Riverside
State Park

CURRENT AMBIENT WATER QUALITY MONITORING SITES

SUPPLEMENTAL SURFACE WATER MONITORING SITES

“HIGH FLOW” SURFACE WATER MONITORING

CONTINUOUS TURBIDITY MONITORING

Centennial Trail Br.

Indian Canyon Ck.

Greene St. Br.

Sandifur Br.



Continuous Monitoring Data (9/2021 – 10/2022)

Raw Data - Continuous Turbidity – Hangman Creek @ Meadow Lane

Raw Data - Continuous Stage – Hangman Creek @ Mouth

3-
1-

20
22

1-
21

-2
02

2

6-
14

-2
02

2

6-
2-

20
22

Preliminary Data

Stage (USGS Data)

1-
9-

20
22

6-
7-

20
22

Tu
rb

id
ity

 (N
TU

)

10

100

1000

0.1

10000

1.0

St
ag

e 
(F

t)

8

9

0

7

1

2

3
4

6

5

5000



Continuous Monitoring Data (9/2021 – 10/2022)

Raw Data - Continuous Turbidity – Spokane River @ Spokane House

Raw Data - Continuous Stage – Spokane River @ Spokane House
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Continuous Monitoring Data (9/2021 – 10/2022)

Raw Data - Continuous Turbidity – LSR @ Mouth

Raw Data - Continuous Stage – LSR @ Near Dartford
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Total Phosphorus – 10-Yr Assessment Monitoring Stations (2021-2022)

10-Yr Assessment

Preliminary Data

Continued Contribution from 
Hangman & Little Spokane River



10-Yr Assessment

Preliminary Data

Impacts from 
Hangman

Total Phosphorus – 10-Yr Assessment Monitoring Stations (2021-2022)
(excluding Hangman Creek and Little Spokane River)

Impacts from 
Hangman



TMDL 2030 Target for “Critical Season”

“Critical Season”
(Mar-Oct)

Flow Weighted Average Phosphorus (2021-2022)
(Combined Spokane River @ Ninemile with Little Spokane River @ Mouth)

10-Yr Assessment

Preliminary Data

Impacts from 
Hangman &  LSR

“Critical Season”
(Mar-Oct)

Impacts from 
Hangman &  LSR



LAKE SPOKANE MONITORING LOCATIONS

Source: Avista DOWQAP 2019 Annual Summary 8-Yr Report

April-October 2022   Monthly sampling & profiles at LL0, LL1, LL2, LL3, LL4, LL5

Collect chlorophyll a samples in epilimnion each lake station 



Lake Spokane Profile Data 4-27-2022

LL0 LL1 LL2

LL3 LL4 LL5

Preliminary Data
Near dam

Near Suncrest

Below Tum Tum

Above Tum Tum

Epilimnion

Hypolimnion

Metalimnion



Lake Spokane Profile Data 6-29-2022

LL0 LL1 LL2

LL3 LL4 LL5

Preliminary Data
Near dam

Near Suncrest

Below Tum Tum

Above Tum Tum

Epilimnion

Hypolimnion

Metalimnion



Lake Spokane Profile Data 7-26-2022

LL0 LL1 LL2

LL3 LL4 LL5

Preliminary Data
Near dam

Near Suncrest

Below Tum Tum

Above Tum Tum

Epilimnion

Hypolimnion

Metalimnion



Lake Spokane Profile Data 8-23-2022

LL0 LL1 LL2

LL3 LL4 LL5

Preliminary Data
Near dam

Near Suncrest

Below Tum Tum

Above Tum Tum

Epilimnion

Hypolimnion

Metalimnion



Lake Spokane Profile Data 9-27-2022

LL0 LL1 LL2

LL3 LL4 LL5

Preliminary Data
Near dam

Near Suncrest

Below Tum Tum

Above Tum Tum

Epilimnion

Hypolimnion

Metalimnion



Lake Spokane Profile Data 10-25-2022

LL0 LL1 LL2

LL3 LL4 LL5

Preliminary Data
Near dam

Near Suncrest

Below Tum Tum

Above Tum Tum

Epilimnion

Hypolimnion

Metalimnion

Lake Turnover Occurred Since Sept Profile



Lake Profile 
9-27-2022

Lake Profile 
10-25-2022

Likely Time of 
Lake Turnover

Lake Turnover Assessment



Lake Profile 
9-27-2022

Lake Profile 
10-25-2022

Likely Time of 
Lake Turnover

Lake Turnover Assessment
Streamflow Spokane River @ Nine Mile Dam



Spokane River Water Quality

Spokane River Tributaries Water Quality

Lake Spokane Water Quality

Preliminary 
Findings



Total Phosphorus - Ambient Monitoring Stations (2009-2022) 
(Data Clipped - Absent Hangman Creek and Little Spokane River)

10-Yr Assessment
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Preliminary Findings
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Total Phosphorus - Ambient Monitoring Stations (2009-2022) 
Hangman Creek and Little Spokane River

10-Yr Assessment
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Preliminary Findings



TMDL 2030 Target for “Critical Season”

“Critical Season”
(Mar-Oct)

No Data from 
Ninemile Bridge 

TMDL Flow Weighted Average Phosphorus (2010-2022)
(Combined Spokane River @ Ninemile with Little Spokane River @ Mouth)

10-Yr Assessment
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Preliminary Findings

Impacts 
from 
Hangman 
& LSR

Impacts from 
Hangman & LSR

Impacts 
from 
Hangman 
& LSR

TMDL Objectives Met 
Mid-Late 2021 & Late 2022
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Lake Spokane Profile Data 8-23-2022
LL0 LL1 LL2Near dam Below Tum Tum

Below Tum Tum
Lake Spokane Profile Data 9-27-2022

Preliminary Findings



It Takes Teamwork

Trust & Planning

New Ideas & Strategies
And of course Money

YES!!
Better Every Year!!!
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